communication delays. But it is significant to note that because of using simple constant gains, pertaining to SOF synthesis for dynamical systems in the presence of strong constraints and tight objectives are few and restrictive. Under such conditions, the addressed optimization problem may be not approach to a strictly feasible solution. Furthermore, in the most of mentioned reports, only one single norm is used to capture design specifications, while meeting all LFC design objectives by single control approach with regard to increasing the complexity of power system structure and the role of time delays is difficult.
This paper proposes a new control methodology to design a decentralized LFC in face of multi-delayed signals. First the PI-based LFC design is transferred to a static output feedback (SOF) control design and then to obtain the constant PI gains, the 2 control is used via an iterative linear matrix inequalities (ILMI) algorithm. The time-delays are considered as model uncertainties in each control area and the uncertainties are covered by an unstructured multiplicative uncertainty block.
The main goal is to keep the fundamental LFC concepts and well-tested simple PI control structure to develop a new LFC synthesis. Simplicity of control structure, using a more complete model for delayed LFC system, no need to additional controller and reach to a suboptimal solution for the assumed design objectives can be considered as advantages of the proposed methodology. This approach is applied to a 3-control area power system example.
II. PROPOSED CONTROL STRATEGY
A general control scheme using the mixed
control technique is shown in Fig. 1. (s) G i is a linear time invariant system with the following state-space realization [7] , [8] . 
such that
To get an appropriate solution for the above optimization problem, one can search the desired suboptimal
where ε is a small real positive number, The proposed strategy is mainly based on the generalized static output stabilization feedback lemma [9] and the related algorithms given in [9] and [10] . The developed control methodology includes following steps:
Step 1. Compute the state-space model (1) 
Set X P 1 = .
Step 4. Solve the following optimization problem for i X , i K and i a : Minimize i a subject to the bellow LMI constraints:
where
a as the minimized value of i a .
Step 5. If 0 a * i ≤ , go to step 9.
Step 6.
and go to step 10. Otherwise go to step 7.
Step 7. Solve the following optimization problem for i X and
subject to LMI constraints (6-8) with
Step 8. Set i =i+1 and
, then go to step 4.
. Then do steps 3 to 5.
Step 10. 
SOF controller and

III. DYNAMIC MODEL AND PROBLEM FORMULATION
A. Traditional LFC Model
The traditional LFC model is well discussed in the papers of Elgerd and Fosha [12] , [13] . This model uses three simple (first order) transfer functions for modeling the turbine, generator and power system (load and rotating mass). The LFC structure for a given control area (i) in a multi area power system (includes N area) is shown in Fig. 2 . The given parameters in Fig. 2 The modified LFC model is given in Fig. 3 . Following a load disturbance within the control area, the frequency of the area experiences a transient change and the feedback mechanism comes into play and generates appropriate control signal to make generation follow the load. The balance between connected control areas is achieved by detecting the frequency and tie line power deviation via communication line to generate the ACE signal used by PI controller. The control signal is submitted to the participated Gencos via other link, based on their participation factors. 
C. Modeling of Uncertainties Due to Time-Delays
Modeling of uncertainties due to time-delays increases the complexity of computations and control structure. In result, finding a tighter control solution by a simple PI structure is difficult. Following, these uncertainties are modeled as an unstructured multiplicative uncertainty block i W that contains all possible variations in the assumed delays range.
To 
where,
shows the uncertainty block corresponding to delayed terms and
is the nominal transfer function model. Thus, Using conventional linear models for governor and turbine in each generation unit, it will be easy to find the state-space realization in form of (1) for the LFC system of control area "i". Here, similar to [14] , the states, inputs and output vectors are considered as follows:
D. Control Framework
The main control framework to formulate the LFC problem via a mixed
control design for a given control area is shown in Fig. 4 . The model uncertainties in power system can be considered as multiplicative and/or additive uncertainties [15] . Here, i ∆ block models the structured uncertainty set in the form of multiplicative type and i W includes the associated weighting function. [ ]
η and 3i η are constant weights that must be chosen by designer to get the desired closed-loop performance [14] .
The proposed control framework covers all mentioned LFC objectives. The 
fictitious output
Ci 3i P η ∆ sets a limit on the allowed control signal to penalize fast changes and large overshoot in the governor load set-point with regards to practical constraint on power generation by generator units. The ∞ H performance is used to meat the robustness against specified uncertainty due to communication delays and reduction of its impact on closed-loop system performance.
IV. APPLICATION TO A 3-CONTROL AREA POWER SYSTEM
To illustrate the effectiveness of the proposed control strategy, a three control area power system, shown in Fig. 5 , is considered as a test system. It is assumed that each control area includes three Gencos. The power system parameters are considered the same as in [16] . 
A. Uncertainty and Performance Weights Selection
For the example at hand, it is assumed that the delays for the given communication channels (Fig. 3) of the control areas are as follows:
Based on a simple stability condition given in [17] , the open loop system with real matrices is stable if
A is the associated matrix with the delayed states and j λ denotes the jth eigenvalue of
. In light of above stability rule, we note that for the example at hand, the control areas are unstable.
Using (13) , some sample uncertainties due to delay domain for area 1 are shown in Fig. 6 . To keep the complexity of calculation low, we can model uncertainties from both channels delays by using a norm bonded multiplicative uncertainty to cover all possible plants as follows, Using the same method, the uncertainty weighting functions for areas 2 and 3 are computed as follows. The selection of performance constant weights 1i η , 2i η and 3i η is dependent on specified performance objectives. In fact an important issue with regard to selection of these weights is the degree to which they can guarantee the satisfaction of design performance objectives. The selection of these weights entails a trade off among several performance requirements [14] . The coefficients 1i η and 2i η at controlled outputs set the performance goals e.t. tracking the load variation and disturbance attenuation. 3i η sets a limit on the allowed control action to penalize fast change and large overshoot in the governor load set-point signal. Here, the values of constant weights are considered to be the same as in [18] .
B. PI Controllers
According to synthesis methodology described in sections 2 and 3, a set of three decentralized robust PI controllers are designed. This control strategy is fully suitable for LFC applications which usually employ the PI control, while the most of other robust and optimal control designs (such as LMI approach) yield complex controllers whose size can be larger than real-world LFC systems. Using developed ILMI algorithm, the controllers are obtained following several iterations. The proposed control parameters for three control areas are shown in table 1. 
V. SIMULATION RESULTS
In order to demonstrate the effectiveness of the proposed strategy, some simulations were carried out. In these simulations, the proposed PI controllers were applied to a three control area power system described in Fig. 5 . The performance of the closed-loop system in comparison of designed robust ∞ H based PI controllers (given in [18] ) for the delay-less nominal system is tested in presence of load disturbances and communication delays. The generation-rate constraint is considered in the both design procedure and simulation. Fig. 7 shows the closed-loop system response (frequency deviation, area control error and control action signals) in presence of delays Increasing the delays will degrade the conventional (nominal) LFC system performance seriously. F.g. 8 shows the frequency deviation for control areas in face of following delays in the communication channels:
It shows that the conventional ∞ H controllers are not capable to hold the stability of closed-loop system. 
VI. CONCLUSION
The LFC problem with communication delays in a multiarea power system is formulated as a decentralized multiobjective optimization control problem. An
SOFbased iterative LMI algorithm is developed to design a set of simple PI controllers, which are useful in the real-world power systems. The proposed method was applied to a three control area power system and the results are compared with the results of applied with delay less power system with robust ∞ H based PI controllers. 
